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Executive Summary
Background: Critical thinking involves examining and reflecting on one’s own biases,
assumptions, and thinking processes. Within occupational therapy (OT), critical thinking
skills are foundational skills to support effective clinical reasoning and decision making;
however, there is limited evidence on how these skills can be developed and applied
within OT education to support positive student outcomes.
Purpose: The purpose of this research project was to explore the use of explicit
instruction on critical thinking paired with concept mapping as teaching methods to
support entry-level OT student mastery of content knowledge related to functional
neuroanatomy. This study aimed to answer the following research questions: What is the
effect of concept mapping and explicit teaching of critical thinking concepts compared to
a traditional classroom lecture on students’ knowledge of neurological conditions? What
are the perceptions of entry-level OT students on the use of concept mapping for learning
about neurological conditions?
Theoretical Framework: This project was developed using the constructivism and
cognitivism learning theories along with the Fink’s taxonomy of significant learning,
which emphasize the importance of active, learner-centered teaching methods.
Methods: This study used a quasi-experimental design with a retrospective pre-post
assessment after each intervention (lecture and concept mapping). The same group of
participants was used for each condition, which included a convenience sample of firstyear Doctor of Occupational Therapy (OTD) graduate students enrolled in the course
Functional Neuroanatomy at a university in the midwestern United States. Additional
outcome measures included a survey of student perceptions on the use of concept
mapping and assessment of student concept maps using a scoring rubric.
Results: Student self-assessment using a retrospective pretest-posttest indicated
significant gains in knowledge following both the concept mapping activity and
traditional lecture. Students reported a strong affective acceptance of concept mapping
and found concept mapping easy to use.
Conclusions: The results of this study indicate that concept mapping is an effective
instruction method for promoting mastery of content knowledge, making connections
between different content areas, and visualizing the big picture. Given these findings,
occupational therapy educators should consider incorporating concept mapping and
critical thinking instruction into their courses and curriculum as a form of active, studentcentered learning.
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Section 1: Nature of Project and Problem Identification
Critical thinking is generally defined as the ability to reflect on, analyze, and evaluate
one’s own thinking (Facione, 1998; Paul & Elder, 2014). Within occupational therapy (OT),
critical thinking should be separated from the construct of clinical reasoning (Pitonyak et al.,
2020). In OT, Critical thinking is focused on “how we know what we believe to know” (Berg et
al., 2019, p. 10) whereas clinical reasoning is the ongoing process that is used to make decisions
about patient care (Schell, 2014). Given these definitions, critical thinking is an important
foundation skill that supports effective clinical reasoning and decision making (Bert et al., 2019;
Pitonyak et al., 2020). As a result, both critical thinking and clinical reasoning are essential skills
for occupational therapists that must be developed through entry-level OT education programs
(American Occupational Therapy Association [AOTA], 2018a).
Current evidence on teaching methods for critical thinking indicates that a combination of
explicit and implicit instruction is most effective (Allen & Toth-Cohen, 2019; Morris et al.,
2019; Murphy & Stav, 2018; Tiruneh et al., 2014). When using this mixed approach, the
educator writes specific learning objectives for critical thinking skills as well as subject-specific
content knowledge (Ennis, 1989). This ensures that critical thinking skills and dispositions are
explicitly addressed throughout the course, usually through a guided lecture and/or discussion.
This explicit instruction is followed by implicit instruction in which teaching methods are
selected based on their ability to promote both critical thinking and subject specific learning
objectives. These methods include activities such as case studies (Allen & Toth-Cohen, 2019),
experiential learning (Coker, 2010), problem-based learning (Morris et al., 2019), guided
reciprocal peer questioning (Velde et al., 2006), and concept mapping (Grice, 2016). Despite a
growing body of evidence to support the use of a wide variety of teaching methods for critical
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thinking, a survey of OT educators revealed that the actual use of different methods is limited
and should be expanded to improve student preparation (Henderson et al., 2017). For example,
while the use of concept mapping has moderate evidence to support improved student learning
and critical thinking skills, less than 20% of surveyed OT educators report using concept
mapping as a teaching strategy (Grice, 2016; Henderson et al., 2017; Yue et al., 2017).
Problem Statement
Despite its relevance to clinical reasoning and effective OT practice, critical thinking has
not yet been fully explored or defined within OT education (Pitonyak et al., 2020). More
information is needed on the extent to which OT students use critical thinking skills, how to
teach and improve critical thinking skills to support clinical reasoning, and valid outcome
measures to assess critical thinking. Specifically, this project sought to investigate the use and
effectiveness of specific teaching methods to improve critical thinking skills in OT students.
Purpose Statement
The purpose of this project was to explore the use of concept maps and explicit
instruction on critical thinking as teaching methods to support entry-level OT student mastery of
content knowledge and critical thinking related to functional neuroanatomy. A concept map is
defined as a two-dimensional representation of knowledge that identifies important links or
connections between multiple related concepts (Passmore, 2021). Concept maps must include
five major components: concepts, concept links, hierarchies, cross-links, and examples (Novak
& Cañas, 2008). Concept maps are not only useful to help students develop a deeper and more
complex understanding of content but can also be reliably used to assess student learning
(Passmore, 2021). Explicit instruction on critical thinking is defined as the inclusion of specific
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course objectives, learning activities, and assessment methods related to critical thinking skills
and dispositions (Paul & Elder, 2014).
Research Question
This study aimed to answer the following questions: What is the effect of concept
mapping and explicit teaching of critical thinking concepts compared to a traditional classroom
lecture on students’ knowledge of neurological conditions? What are the perceptions of entrylevel OT students on the use of concept mapping for learning about neurological conditions?
Theoretical Frameworks
The development of this proposed research project was situated within the constructivism
and cognitivism learning theories (Torre et al., 2006). These approaches are often combined in
education as they both emphasize active, learner-centered methods such as concept maps and
reflective thinking prompts (UC Berkeley, 2016). The use of concept mapping is based on the
constructivist approach and the premise that students must build their own learning and
knowledge through engagement in meaningful experiences (Novak & Cañas, 2007; Torre et al.,
2006). This is mediated by internal processes and critical self-reflection which support the
student in changing their perspectives and developing a deeper understanding (Torre et al.,
2006). The cognitivism theory complements this approach through the application of external
support from the educator to help the student “learn how to learn” and develop critical thinking
and problem-solving skills (Torre et al., 2006, p. 904).
Another important framework for this project was the concept of significant learning
proposed by Fink (2003). This model emphasizes the importance of intentional course design to
ensure that learning objectives align with teaching and assessment methods. To accomplish this,
Fink (2003) proposes a taxonomy of significant learning that emphasizes interactive learning and
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educative assessment in which students articulate what they can do with their new knowledge.
This taxonomy was applied to this project to support the integration of learning objectives related
to subject-specific knowledge (e.g., neurological conditions) with objectives for learning how to
learn (e.g., critical thinking).
A final framework used to develop this project was the model of critical thinking
described by the American Philosophical Association’s Delphi Report (Facione, 1998). In this
report, critical thinking is described as having two dimensions, core cognitive skills and personal
dispositions to use these skills. These skills and dispositions are used to analyze and evaluate
one’s own thoughts to decide what to believe or do (Facione, 1998; Paul & Elder, 2014).
Notably, it is this active reflection and self-evaluation of personal thoughts and assumptions
which helps to distinguish critical thinking from clinical reasoning (Berg et al., 2019).
Significance of the Study
The Accreditation Council for Occupational Therapy Education (or ACOTE) explicitly
states that OT programs must include course content that teaches students to demonstrate and use
clinical reasoning skills to evaluate, analyze, plan, and facilitate occupation-based interventions
(AOTA, 2018a). Development of clinical reasoning skills is supported by effective critical
thinking and reflection skills, such as the ability to examine how personal biases and
assumptions influence patient-therapist interactions and cultural competence (Mills et al., 2018).
Despite the importance of critical thinking, there is limited research on how critical thinking is
used in OT and on effective methods to support critical thinking development in OT students
(Pitonyak et al., 2020). The results of this study help fill this gap by providing evidence on
effective teaching methods to promote critical thinking in OT students, leading to the long-term
outcome of improved OT student learning and entry-level competency (AOTA, 2018b).
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Summary
Critical thinking involves examining and reflecting on one’s own thinking. Occupational
therapists and OT students must be able to apply critical thinking skills to effectively guide their
clinical reasoning and decision making; however, little is known about how or to what extent OT
students develop critical thinking skills (Berg et al., 2019; Pitonyak et al., 2020). Further inquiry
into teaching methods for critical thinking are needed to support the decision making of OT
educators and improve student preparation (AOTA, 2018b; Henderson et al., 2017). This
proposed study will address this gap through investigation of the use of concept maps and
explicit instruction on critical thinking to maximize student knowledge.
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Section 2: Literature Review
Critical Thinking
While many definitions have been proposed over the years, the most broadly accepted
definition of critical thinking was composed by a set of experts convened by the American
Philosophical Association in 1990 and later updated in 1998 (Davies, 2015; Facione, 1998). This
panel produced the Delphi Report, which describes critical thinking as an essential tool that uses
“purposeful, reflective judgment about what to believe or what to do” (Facione, 2020, p. 17).
Another commonly used definition describes critical thinking as “the art of analyzing and
evaluating thinking with a view to improving it” (Paul & Elder, 2014, p. 2) or “thinking about
our thinking” (Davies, 2015, p. 53). Both conceptual frameworks emphasize that critical thinking
is more than just a set of skills and must also include the development of a personal disposition
to use these skills (Davies, 2015; Facione, 1998; Paul & Elder, 2014). The core cognitive skills
for critical thinking as described by the Delphi Report include interpretation, analysis,
evaluation, inference, explanation, and self-regulation or metacognition (Facione, 1998). A
person’s disposition toward using these skills is characterized by being inquisitive, judicious,
truth-seeking, confident in reasoning, open-minded, analytical, and systematic (Facione, 1998).
Critical thinking skills are both holistic, applying to all areas of life and learning, and
subject-specific, requiring application of specific knowledge to specific contexts (Facione,
1998). Within the subject-specific context of OT, critical thinking has been described as an
important skill that supports clinical reasoning and decision making; however, critical thinking
as its own construct has not yet been fully explored or defined (Pitonyak et al., 2020). The
challenge to clearly define critical thinking is not limited to the field of OT but extends into other
areas of healthcare education (Berg et al., 2021). Only one aspect is consistently agreed-upon by
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experts, specifically that critical thinking is distinct from clinical reasoning because it requires
self-reflection on personal assumptions, values, and beliefs (Berg et al., 2021). Given this
distinction, critical thinking can and should be viewed as a prerequisite skillset to support clinical
reasoning throughout the OT process by prompting examination and reflection on how one’s
personal biases and assumptions influence client-therapist interactions and client-centered care
decisions (AOTA, 2020; Berg et al., 2019). This has significant implications for OT education as
it necessitates separate and explicit teaching on critical thinking in addition to clinical reasoning
to promote optimal student learning and effectiveness in clinical practice (Berg et al., 2021).
Instruction Methods for Critical Thinking
Instruction methods for critical thinking are typically categorized into four approaches:
general, infusion, immersion, and mixed (Ennis, 1989). The general approach emphasizes
separate teaching of critical thinking within designated critical thinking or logic courses. In
comparison, the infusion and immersion approaches seek to embed critical thinking instruction
into subject-specific courses either through learning activities that explicitly encourage critical
thinking within a subject (infusion) or through in-depth study of a subject without explicit
discussion of critical thinking principles (immersion). The mixed approach combines the general
approach with either the infusion or immersion approach (Ennis, 1989).
Research on instruction methods for critical thinking suggests that the mixed approach is
more effective at improving critical thinking skills in students than other approaches; however,
these results should be interpreted with caution due to a lack of uniformity in the use of
instruction methods and poor consistency across study results (Abrami et al., 2015; Allen &
Toth-Cohen, 2019; Morris et al, 2019; Tiruneh et al., 2014). This discrepancy is likely related to
factors such as the specific learning activities used within an approach and student-related
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variables such as education level and prior academic performance (Tiruneh et al., 2014). For
example, engaging in critical dialogue (e.g., debate or class discussion) and the use of authentic
or applied activities (e.g., case studies or simulations) have been shown to increase the
effectiveness of instruction on critical thinking and could feasibly be incorporated into any of the
four approaches described above (Abrami et al., 2015).
While the mixed approach appears to have the most support in the literature, many
educators continue to rely on teaching methods based on an immersion and infusion approach
(Abrami et al., 2015; Morris et al., 2019; Tiruneh et al., 2014). Given this finding, a shift is
needed in which educators integrate explicit teaching of critical thinking skills into their subjectspecific courses (Huang et al., 2014; Morris et al., 2019). This includes developing specific
course objectives and learning activities that emphasize the development of and willingness to
use critical thinking skills (e.g., evaluate the credibility of information, self-reflect on personal
assumptions and biases) (Berg et al., 2021; Facione, 1998). The addition of explicit instruction
on critical thinking can also help improve student motivation as students derive meaning not just
through what (content) and how (method) but also through the why (educator’s perspective)
(Berg et al., 2019).
In addition to explicit teaching, educators should incorporate a variety of active, studentcentered instruction methods to facilitate application of critical thinking skills within the subjectspecific context (Lee et al., 2016; Pitonyak et al., 2020). Specific methods that have been shown
to improve critical thinking skills in OT students include concept mapping (Grice, 2016),
experiential learning (Coker, 2010), traditional and non-traditional Level I fieldwork (Nielsen et
al., 2020), guided reciprocal peer questioning using generic question stems (Velde et al., 2006),
and case studies (Allen & Toth-Cohen, 2019; Berg et al., 2019). Incorporating reflective prompts
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within these activities can further stimulate improved critical thinking through challenging
students to reflect on their assumptions and consider new perspectives (Berg et al., 2019; Coker,
2010). Both explicit and implicit critical thinking instruction should not be limited to a single
course (e.g., problem-based learning course) but should be threaded across the entire curriculum
with increasing complexity (Huang et al., 2014; Pitonyak et al., 2020). This is best achieved
through a “backward design” approach to curriculum and course planning which first identifies
specific critical thinking skills as intended learning outcomes and then selects instructional and
assessment methods to align with these goals (Berg et al., 2021; Fink, 2003).
Assessment of Critical Thinking
Determining the effectiveness of instruction methods for critical thinking requires the use
of reliable and valid assessment methods. Additionally, incorporating meaningful assessment
tools helps educators recognize areas for student growth and motivates educators to use more
diverse instruction methods (Haynes et al., 2016). Unfortunately, there is limited consensus on
best practices for assessment of critical thinking (Berg et al., 2021).
One approach is the use of standardized tests to measure specific components of critical
thinking such as analysis, inference, or inductive reasoning through either multiple-choice
questions or a written essay (Morris et al., 2018). As reported by Morris and colleagues,
commonly used multiple-choice tests include the California Critical Thinking Skills Test
(CCTST; Insight Assessment, n.d.-b), the Health Sciences Reasoning Test (HSRT; Insight
Assessment, n.d.-c), the Watson-Glaser Critical Thinking Appraisal III (WG-III; Pearson, n.d.),
the Halpern Critical Thinking Assessment (HCTA; Halpern, n.d.), and the Critical Thinking
Basic Concepts Test (Elder et al., 2007). The CCTST was designed to measure the core critical
thinking skills of undergraduate and graduate students using questions based on everyday
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scenarios (Insight Assessment, n.d.-b). It has been successfully used with OT students and other
healthcare students to measure significant changes in critical thinking skills of healthcare
students over time; however, there is a wide range of effect sizes and intervention methods
reported across studies (Reale et al., 2018). For example, Cooker (2010) found significant
positive changes in the CCTST scores of OT students following experiential learning, but Velde
and colleagues (2006) reported no significant differences in students’ CCTST scores despite
qualitative evidence indicating improved application, analysis, and synthesis. The HSRT is a
form of the CCTST that was designed to be used in healthcare education as the questions are set
within the context of health sciences (Insight Assessment, n.d.-c). Interestingly, despite the
specificity of the HSRT, current evidence is mixed regarding its ability to detect significant
changes in the critical thinking of healthcare students (Murphy & Stav, 2018; Reale et al., 2018).
Use of the WGCTA was only found in one study related to healthcare students and demonstrated
mixed results with significant improvement shown by OT students but no changes in a group of
physical therapy students (Vogel et al., 2009). The use of the HCTA and Critical Thinking Basic
Concepts Test with OT students has not yet been reported.
Essay-based standardized tests include the Critical Thinking Assessment Test (CAT;
Center for Assessment and Improvement of Learning, n.d.), the Ennis-Weir Critical Thinking
Essay Test (Ennis & Weir, 1985), and the International Critical Thinking Essay Test (ICTET;
Foundation for Critical Thinking, n.d.) (Morris et al., 2018). Morris and colleagues (2019)
successfully used the CAT to demonstrate significant changes in the critical thinking skills of
undergraduate students studying communication sciences and disorders. No studies could be
found that used the CAT or the other essay-based assessments to measure the critical thinking
skills of OT students.
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A final standardized test worth acknowledging is the California Critical Thinking
Disposition Inventory (CCTDI; Insight Assessment, n.d.-a). The CCTDI is distinct because it
aims to measure the disposition or willingness of students to think critically (Insight Assessment,
n.d.-a). Although this test does not measure actual ability to use critical thinking skills, it may be
useful within OT education because student disposition is an important aspect of critical thinking
that supports development and application of these skills (Lederer, 2007).
Overall, these standardized tests demonstrate moderate to strong reliability and construct
validity; however, they lack ecological validity within a subject-specific context such as OT
education (Morris et al., 2018). Specifically, there is evidence to suggest that these standardize
assessments are less sensitive to changes and demonstrate lower effect sizes in critical thinking
skills compared to subject-specific outcomes (Abrami et al., 2015; Tiruneh et al., 2014).
Additionally, standardized assessments are both expensive and time-consuming to administer
which limits the feasibility of using these assessments within a traditional educational setting
(i.e., beyond research-based activities).
An alternative to standardized assessments is the use of tests and evaluations developed
by a researcher or educator. One common example includes the use of rubrics to analyze the
quality of critical thinking. This is most beneficial for assignments where students are expected
to explicitly demonstrate their thinking process (Facione & Facione, 2014). Rubrics have been
developed and used at a variety of levels, ranging from broad use across an entire university
(Washington State University, 2006), discipline-specific use within a single academic subject
(Hildenbrand & Schultz, 2012), or individualized use within a course-specific learning activity
such as a case study, verbal presentation, or written text (Allen & Toth-Cohen, 2019). Rubrics
may be preferred over standardized assessments because they can be developed to align
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assessment criteria with the learning objectives of a course or educational curriculum
(Hildebrand & Schultz, 2012).
Additionally, providing rubrics to students in advance promotes explicit communication
of the intended purpose and expectations of the learning activity and allows students to selfevaluate their work (Hildenbrand & Schultz, 2012). When using rubrics, criteria should articulate
specific characteristics or skills associated with strong vs. weak critical thinking, such as
accurately interprets evidence and uses quality sources (strong/mastery) vs. misinterprets
evidence and uses off-topic sources (unacceptable/emerging) (Facione & Facione, 2014;
Hildenbrand & Schultz, 2012). Limitations of using rubrics include the potential for poor content
validity, construct validity, reliability, and fairness (Facione, 1998). These limitations can be
minimized through use of an expert panel and norming process during development along with
sufficient training of raters (Facione & Facione, 2014; Hildenbrand & Schultz, 2012).
The current lack of assessments for critical thinking that are valid, reliable, and easy to
use creates two distinct problems. First, it makes it difficult to determine the effectiveness of
teaching methods resulting in inconsistent and occasionally contradictory results (Abrami et al.,
2008; Haynes et al., 2016). Second, educators are left with a disconnect between their course
objectives, learning activities, and assessment methods (Haynes et al., 2016). Given the
limitations of each type of assessment tool and the multi-dimensional nature of critical thinking,
OT educators should consider using a mix of assessments including both standardized
assessments and activity-based assessments to provide a more holistic picture of critical thinking
skills (Abrami et al., 2015; Huang et al., 2014). Additionally, educators should make their
assessment rationale explicit to students to reinforce the value of critical thinking as a skill and
disposition (Facione, 1998).

13
Critical Thinking and Clinical Reasoning
A final consideration related to the topic of critical thinking is the distinction between
clinical reasoning, professional reasoning, and critical thinking. The terms clinical reasoning and
professional reasoning are often used interchangeably within OT while critical thinking is a
distinct construct (Pitonyak et al., 2020). The definitions of clinical and professional reasoning
emphasize how therapists apply frames of reference, generate and apply hypotheses, use
storytelling, and consider contextual limitations to make decisions throughout the OT process
(Márquez-Álvarez, 2019; Schell & Cervero, 1993; Unsworth & Baker, 2016). In comparison,
critical thinking in OT is generally defined as the ability to analyze and evaluate one’s own
thinking (Berg et al., 2019; Paul & Elder, 2014; Pitonyak et al., 2020). In other words, critical
thinking could be defined as “how we know what we believe to know” and how we use this
information to guide clinical reasoning and decision making (Berg et al., 2019, p. 10). This
definition clarifies how critical thinking is an important, yet distinct, component of clinical
reasoning. Like critical thinking, development of clinical reasoning requires explicit teaching of
key concepts and organization strategies and is further supported through student self-reflection
activities (Furze et al., 2015; Neistadt, 1996; Neistadt, 1998). Therefore, instruction on critical
thinking should be used to augment (not replace) instruction on clinical reasoning in OT
education (Pitonyak et al., 2020).
Concept Mapping
Concept maps are visual tools used to organize and represent knowledge that were
developed to promote meaningful learning and evaluation (Novak & Cañas, 2008). As described
by Novak & Cañas (2008), the process of creating a concept map is believed to enhance of the
motivation of students to engage in active learning while also providing a structure to scaffold
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their knowledge. This helps students to sequence and clarify new concepts while simultaneously
integrating this new information with prior knowledge. Creating a concept map begins by
identifying key concepts related to a focus question and placing each concept within an oval or
square. Concepts are then connected to one another using arrows and linking words to describe
the relationship. The broadest or most general concepts are placed at the top and concepts
become increasingly more specific as the map progresses downward. After building the
preliminary map, cross-links between different areas or domains of the map can be added to
represent creation of new relationships. Specific examples can be added to help clarify concepts;
however, these are usually not placed within an oval. Concept maps can either be created “from
scratch” by a student or using an “expert skeleton” that is initially developed by an expert (e.g.,
the instructor) using a small number of key concepts. Student then build upon this skeleton by
adding additional concepts, links, cross-links, and examples (Novak & Cañas, 2008).
There is strong evidence to support the use of concept mapping to promote meaningful
learning of content knowledge in healthcare education (Bixler et al., 2015; Carr-Lopez et al.,
2014; Hsu et al., 2016; Powell et al., 2021). Specifically, when using concept mapping students
demonstrate greater breadth and depth of learning which appears to enhance their knowledge
acquisition and long-term memory (Gil & Lee, 2022; Grice, 2016; Wu & Wu, 2020).
Additionally, concept mapping paired with peer discussion helps to reveal confusing concepts
and correct knowledge misconceptions (Joshi et al., 2022). Unfortunately, it remains unclear how
these benefits of concept mapping compare to a traditional lecture or the use of other active
learning methods.
Concept maps have also been shown to support the development of critical thinking skills
and metacognition in healthcare students (Garwood et al., 2018; Kaddoura et al., 2016). The
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process of creating a concept map provides students with the necessary framework to structure
the development of critical analysis, problem-solving, and self-reflection skills (Kaddoura et al.,
2016; Joshi et al., 2022; Wu & Wu, 2020). Further, concept mapping enhances critical thinking
skills by promoting integration of knowledge across content areas, such as linking basic science
with clinical features or theory with practice to support clinical reasoning (Bressington et al.,
2018; Garwood et al., 2018; Gil & Lee, 2022). Once again, it is unclear how these benefits
compare to other learning methods indicating the need for more consistency and rigorous study
designs with better assessment tools (Bixler et al., 2018; Yue et al., 2017).
Overall, students appear to have positive attitudes toward and satisfaction with concept
mapping as a learning method (Hsu et al., 2016; Wu & Wu, 2020). Students report that concept
maps are useful for visualizing the broad picture of a concept, inducing interest in a concept, and
promoting in-depth meaningful learning (Carr-Lopez et al., 2014; Gil & Lee, 2022; Grice, 2016).
Importantly, students also perceive concept mapping as being easy to learn and use (Bixler et al.,
2015). Common student complaints about concept mapping include the amount of time required
to complete (Bixler et al., 2015). These concerns may be alleviated through computer-based
concept mapping which can decrease the amount of time needed and make it easier to modify,
add, or delete content from a concept map (Mammen, 2016).
Concept maps can also be used as an assessment tool to identify the level of a student’s
understanding, the validity of their ideas, and their ability to think critically (Novak & Cañas,
2008). Concept map assessment can be completed using a quantitative method that assigns points
based on the number of valid components (e.g., cross-link, hierarchy, example) (West et al.,
2000); however, assessment using a holistic scoring rubric appears to be more common. When
using a rubric, specific criteria are identified and described along a continuum ranging from

16
strong to weak performance and are assigned an associated numerical score or letter grade. These
criteria can vary, but usually include items related to accuracy and relevancy of concepts,
complexity and meaningfulness of relationships, and overall clarity of appearance (Gil & Less,
2022; Mok et al., 2014; Slieman & Camarata, 2019). While this requires extra work from
educators, assessment of concept maps has been shown to help educators provide effective
feedback to correct student misconceptions and promote student reflection on their learning
(Carr-Lopez et al., 2014; Gil & Lee, 2022). Additionally, concept map assessment provides
educators with important insights into content areas that require additional instruction due to
gaps in student knowledge (Mok et al., 2014).
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Section 3: Methods
Project Design
A retrospective pretest-posttest was used to compare the effects of two different teaching
methods on content knowledge in first year graduate students enrolled in an entry-level Doctor of
Occupational Therapy (OTD) program. The same convenience sample of students participated in
two separate modules during which the primary instruction method was either a traditional
classroom lecture or a concept mapping activity paired with explicit instruction on critical
thinking. See Table 1 for project summary.
Table 1: Description of Quasi-Experimental Project Design
Time

Intervention

Outcomes

Module 1

Lecture

O1

Module 4

Concept mapping

O1, O2, O3

O1=Retrospective pre-post assessment
O2=Concept map perceptions survey
O3=Concept map scores

Participants and Setting
Participants were a convenience sample of first year graduate students who were in good
academic standing and actively enrolled in an entry-level OTD program at a university in the
midwestern United States. Students were recruited from the course Functional Neuroanatomy
taught by this author. This is a required course taken during the second semester of the OTD
program alongside a set of courses which cover content on OT assessment and evaluation of
pediatric, adult, and older adult populations. All students attended the same university and
completed the same curriculum and course sequence; however, students were separated into two
cohorts based on geographical location (main campus and regional campus). The curriculum is
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divided into three components completed in the following order: six semesters of coursework,
six months of fulltime fieldwork, and a one semester experiential capstone project. Each cohort
had an enrollment of 24 students, for a total participant pool of 48. All aspects of the project
were completed by this author during the scheduled class time on the university campus.
Educational Activities
Course Description
The Functional Neuroanatomy course was described as an applied study of human
neurologic function with an emphasis on how neurological conditions affect occupational
performance. The course was broken up into weekly modules, during which students completed
both virtual (asynchronous) and in-person (synchronous) learning activities. The asynchronous
portion required students to view one hour of pre-recorded lectures followed by a completion of
a summative assessment of knowledge via a multiple-choice quiz. The lecture and quiz content
focused on the normal function of specific anatomical components of the nervous system. These
lectures and quizzes were provided to the students through the online learning management
system (LMS) used by the university. Students completed this content asynchronously prior to
participating in class for all learning modules. The in-person portion of the class occurred one
time per week for three hours on the university’s campus. This time was split into two parts. The
first portion of class was used to answer student questions and review key content from the
asynchronous lecture as identified by the instructor. The second portion was focused on learning
new content, specifically how dysfunction of the neurological components identified in the
asynchronous lecture results in clinical conditions commonly encountered in OT practice. Up to
four conditions were covered during each class period depending on the complexity and
relevancy of the conditions.
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Traditional Classroom Lecture
The asynchronous content for Module 1 included content on cellular level neuroanatomy,
including types of cells in the nervous system, synaptic communication, and neuromessengers.
The primary instruction method for the in-person portion was a traditional classroom lecture with
projected PowerPoint slides. A list of explicit learning objectives related to the neurological
conditions was provided at the beginning of lecture, which included understanding and
describing the neuropathology, signs and symptoms, and basic medical and therapeutic treatment
methods for Guillain Barre, multiple sclerosis, and myasthenia gravis. Guillain Barre and
multiple sclerosis are neurological conditions which cause impaired synaptic communication due
to demyelination while myasthenia gravis limits the ability of acetylcholine (a neurotransmitter)
to bind to receptors at the neuromuscular junction. To add a human dimension, the lecture was
accompanied by real patient stories and videos. These included a story published on the public
website of a local hospital which described the symptom onset, progression, and medical
sequence of events of a patient with Guillain Barre and a 5-minute video which included stories
from 4 patients about living with multiple sclerosis. The class time was spent in the following
manner: review of asynchronous content and student questions (35 minutes), break (5 minutes),
Guillain Barre (30 minutes), multiple sclerosis (30 minutes), break (10 minutes), myasthenia
gravis (20 minutes), small group discussion using case studies and questions from the course
textbook (40 minutes).
Concept Mapping and Critical Thinking
A multi-step approach was used to introduce concept mapping to students which began
during Module 3. The in-person portion of Module 3 began with a traditional lecture to describe
the effects of damage to the motor and sensory areas of the cerebral cortex caused by
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cerebrovascular accidents. In lieu of small group discussion, the last 30 minutes of class were
used to provide explicit instruction on critical thinking (Appendix A) and step-by-step instruction
on how to build a concept map using the example question: “What is a cerebrovascular
accident?” (Appendix B). This demonstration was used to scaffold student knowledge of concept
mapping while also modeling the expected level of complexity within a concept map.
The asynchronous content for Module 4 included content on the association areas of the
cerebral cortex which are responsible for a variety of functions including consciousness,
memory, communication, spatial perception, executive functions, emotions and motivation,
decision making, and personality. The in-person portion took place in a university computer lab
instead of the normal classroom setting and included content on the neurological conditions of
dementia and traumatic brain injury. The content on dementia was provided using a traditional
classroom lecture; however, the primary instruction method was concept mapping to facilitate
learning about traumatic brain injury.
During class students worked in self-selected pairs to develop a concept map using the
free, web based Cmap Cloud online software (https://cmapcloud.ihmc.us/) and a concept map
skeleton provided by the instructor (Appendix C). The concept map was based on a neurological
case study and students were instructed to answer the question: “What is a traumatic brain injury
and how does it affect occupational participation?”. To promote motivation and engagement, this
same case study was used later in the semester within a different course as a simulated patient
encounter. The case study was developed by another faculty at the university and included
documents detailing multiple aspects of the case including a medical sequence of events, OT
discharge summary from inpatient rehabilitation, medical discharge note (i.e., history and
physical evaluation), and a social work note. A narrative summary of the case is included in
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Appendix D. While students completed their concept maps, this instructor walked around the
room and remained available to answer questions and assist with any technology problems as
needed. At the end of class, students were invited to share verbally about any interesting
connections they made, aspects they enjoyed, or challenges they experienced. The class time was
spent in the following manner: review of asynchronous content and student questions (25
minutes), dementia (25 minutes), break (10 minutes), concept map and case study instructions (5
minutes), concept map development (100 minutes), and large group discussion (10 minutes).
Outcome Measures
Retrospective Pretest-Posttest Survey
A retrospective pretest-posttest design was selected to improve the accuracy of student
responses by minimizing the likelihood that students would over or underestimate their
knowledge (Geldhof et al., 2018; Lang & Savageau, 2017). The 14-item survey was developed
by this author to reflect the general learning objectives for the course Functional Neuroanatomy
(Appendix E). Survey development was informed by the conceptual underpinnings and
terminology of Bloom’s revised taxonomy (Anderson & Krathwohl, 2001) and Fink’s taxonomy
of significant learning (Fink, 2003) to promote assessment of learning outcomes beyond recall of
factual knowledge. For example, Question 12 asked the student to rate their ability to “predict
how the neurological condition will impact occupational performance”. This question reflects the
cognitive process of “create” from Bloom’s revised taxonomy and would be considered an
“integration” outcome from Fink’s taxonomy of significant learning. The survey used Likert
items in which students were asked to rate their ability before class and after class on a 5-point
scale. Survey items were divided into three sections: general information, neurological
dysfunction, and treatment. The general information section included basic knowledge on the
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neurological condition such as incidence or prevalence, risk factors, signs and symptoms, and
types. The neurological dysfunction section focused on the specific function and dysfunction of
neurological components associated with the condition. Finally, the treatment section included
content such as medical interventions, OT assessment, and effects of the condition on
occupational performance.
Concept Map Rubric
A concept map scoring rubric (Appendix F) was adapted by this author from the Bartels’
Scoring Rubric for Concept Maps (Center for Teaching, n.d.) with modifications influenced by
the Holistic Critical Thinking Scoring Rubric (Facione & Facione, 2014). The combination of
these two rubrics was selected to improve the content and construct validity of the rubric with
regards to assessing the quality of critical thinking and depth of knowledge demonstrated by the
students’ concept maps (Hicks-Moore & Pastirik, 2006). Students were provided with a copy of
the rubric in advance to guide the development of their concept map and encourage selfassessment of their work based on the descriptions of critical thinking, communication skills, and
knowledge (Facione & Facione, 2014). Students submitted their completed concept maps to the
LMS and this instructor conducted a blind assessment of assignments using the scoring rubric.
Perceptions of Concept Mapping Survey
The third outcome measure was a student survey on the use and perceptions of concept
mapping developed by this author. The survey included a set of Likert-response items followed
by two open-ended written response questions (Appendix G). Items were developed and selected
to assess student perceptions related to three areas: effect of concept mapping on content
knowledge and critical thinking, ease of use, and benefits and difficulties associated with concept
mapping. Students were asked to complete this survey at the end of Module 4.
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Data Collection and Analysis Methods
Approval for the project by the institutional review board (IRB) at Eastern Kentucky
University (EKU) was initially received in March 2022 and protocol revisions were approved in
August 2022. Research procedures and data collection were completed in September 2022 with a
verbal description of the study and request for participation provided to the students during the
in-person sessions for Modules 1 and 4 (Appendix H). All students were required to participate
in the learning activities for Modules 1, 3, and 4 as part of the course requirements, which
included quantitative assessment of their completed concept maps from Module 4. Students who
voluntarily agreed to participate in the research study completed the retrospective pretest-posttest
survey after Modules 1 and 4 as well as the survey on perceptions of concept mapping after
Module 4. Given that multiple conditions were discussed during Module 1, students were
instructed to respond to the retrospective pretest-posttest survey based only on their knowledge
of multiple sclerosis. This condition was selected as it was assumed to have a similar level of
familiarity for the students relative to traumatic brain injury (topic for concept mapping activity).
Data input and statistical analysis of descriptive and inferential statistics were conducted
using Excel for Mac 16.65 (Microsoft Corporation, Redmond, WA, USA) and SPSS 28.0 (IBM
Corporation, Armonk, NY, USA). Paired samples t-tests were used to analyze for changes in
content knowledge within each instruction method (traditional lecture and concept mapping)
using the results of the retrospective pretest-posttest survey. An independent sample t-test was
used to compare differences in change scores between the two methods. All analyses used a twotailed test with an alpha value of .05. Descriptive statistics of concept map scores were calculated
for objective assessment of the impact of concept mapping on the accuracy, quality, and depth of
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student knowledge. Additionally, descriptive statistics were used to analyze student selfperceived learning performance and affective acceptance of concept mapping.
Ethical Considerations
While research on the effectiveness of instructional methods has the potential to offer
great benefits for all involved, this type of research conducted by educators using their students
as participants presented a unique set of ethical considerations. The relationship between
educators and students naturally includes a power differential, with the educators holding power
over the students. This may limit a student’s autonomy, specifically their ability to voluntarily
consent to participation for fear of retribution (Ferguson et al., 2004). To minimize this risk, the
students were fully informed of the intents and procedures of the study and their right to
participate (or not). Further, this author left the classroom and waited in a designated location
(i.e., office) for a set amount of time after requesting student participation and providing students
with a link to the online surveys. Students were instructed to complete the survey anonymously
and no personal data was collected or used in the data analysis process.
A second ethical consideration was the responsibility of this author to facilitate student
learning and avoid causing undue harm or stress to students, also known as the principles of
beneficence and maleficence (AOTA, 2020b; Ferguson et al., 2004). Possible harms included a
decline in student grades, failure to acquire new knowledge, loss of student time, or a decrease in
student self-esteem (Pecorino et al., 2008). To minimize these risks, a thorough needs assessment
and literature review was conducted, the results of which suggested that the methods employed
in this study were likely to promote positive outcomes related to student learning.
It was also important to consider the implications of double agency which might create a
conflict between this author’s relationship with her students and her obligations as a researcher.
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Attempts to minimize the threat of conflict were taken throughout the study design, particularly
related to the recruitment process and informed consent, data collection, participant anonymity,
and confidentiality (Ferguson et al., 2004). As described above, these proactive measures
included anonymous survey completion with this author absent from the room to protect student
confidentiality and minimize the risk of unequitable treatment based on participation status.
This study was approved by the IRB at EKU and a reliance agreement was obtained
between EKU and Western Michigan University (WMU) to indicate that EKU was the IRB of
record. This was necessary as the study occurred on WMU’s campus with WMU students.
Timeline of Project Procedures
Table 2 illustrates the timeline for the completion of this project including development
of proposal and study materials, data collection and analysis, and dissemination of results
through a written report and oral presentation.
Table 2: Project Timeline
Fall
2021
Develop Proposal & Materials
IRB Approval
Participant Recruitment
Implement Intervention
Data Collection
Data Analysis
Disseminate Project Results

Spring
2022

Sept.
2022

Oct.
2022

Nov.
2022
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Section 4: Results and Discussion
The purpose of this capstone project was to explore the use of concept maps and explicit
instruction on critical thinking as teaching methods to support student mastery of content
knowledge and application of critical thinking skills within a functional neuroanatomy course.
Methods were selected, instruments were developed, and analysis of results were conducted by
this author to answer the following research questions: What is the effect of concept mapping
and explicit teaching of critical thinking concepts compared to a traditional classroom lecture on
students’ knowledge of neurological conditions? What are the perceptions of OT students on the
use of concept mapping for learning about neurological conditions? The following section
describes the results of this project and discusses the implications for OT education.
Results
Student participants were recruited at the end of Modules 1 and 4 from a convenience
sample of entry-level OTD students enrolled in the sections of a graduate-level functional
neuroanatomy course taught by this author. Of the 48 possible participants, 46 students
completed the retrospective pretest-posttest survey to assess their change in knowledge after
Module 1. One student took a leave of absence from the program between Module 1 and 4 due to
a family illness. Of the 47 possible participants, 39 students completed the retrospective pretestposttest survey after Module 4. The survey on perceptions of concept mapping was completed by
38 students. A total of 23 concept maps were submitted by student pairs and graded by this
instructor using a scoring rubric.
Retrospective Pretest-Posttest Survey Results
Table 3 summarizes the results from paired samples t-tests for the retrospective pretestposttest knowledge survey. Students demonstrated significant improvement with a medium
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affect size across all sections (general information, neurological dysfunction, and treatment) for
both traditional lecture (n=46) and concept mapping (n=39). Pretest scores from Module 1 and
Module 4 were not significantly different; however, differences did approach statistical
significance for total scores and knowledge of treatment strategies. This suggests that students
may have had more background knowledge related to TBI compared to MS prior to participating
in class. Additionally, analysis of the mean differences in scores indicated students demonstrated
significantly greater improvement on neurological dysfunction knowledge and overall
knowledge following the traditional lecture compared to concept mapping (Table 4).
Table 3: Pretest-Posttest Knowledge Survey Results
Learning
Outcome
General
Information

Pre

Lecture
M (SD)
2.19 (.67)

Concept Mapping
M (SD)
2.39 (.57)

.139

Post

3.87 (.46)

3.87 (.53)

.914

t(45)=18.74, p<.001*

t(38)=14.38, p<.001*

.61

0.64

Pre

1.98 (.67)

2.18 (.69)

.180

Post

3.89 (.53)

3.65 (.56)

.046*

t(45)=18.59, p<.001*

t(38)=14.92, p<.001*

.69

.61

Pre

2.08 (.75)

2.36 (.67)

.071

Post

3.59 (.64)

3.73 (.56)

.302

t(45)=14.43, p<.001*

t(38)=12.38, p<.001*

.71

.69

Pre

2.09 (.57)

2.32 (.57)

.065

Post

3.77 (.43)

3.76 (.45)

.854

t(45)=20.65, p<.001*

t(38)=16.16, p<.001*

.55

.55

Paired t-test
Cohen’s d
Neurological
Dysfunction

Paired t-test
Cohen’s d
Treatment

Paired t-test
Cohen’s d
Overall

Paired t-test
Cohen’s d

*Indicates statistically significant change

p
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Table 4: Mean Difference in Scores from Pretest-Posttest Knowledge Survey
Learning Outcome

Lecture (n=46)
M (SD)
1.67 (.60)

Concept Mapping (n=39)
M (SD)
1.48 (.64)

.161

Neurological Dysfunction ()

1.90 (.69)

1.46 (.61)

.003*

Treatment ()

1.51 (.71)

1.36 (.69)

.332

Overall ()

1.68 (.55)

1.43 (.55)

.042*

General Information ()

p

*Indicates statistically significant difference

Concept Map Scores
Concept map scores were assessed out of a total of 30 points. Scores ranged from 26-30
with a mean score of 27.65 (SD=0.98). Examples of student concept maps can be found in
Appendix I. Students demonstrated a good level of detail and accuracy in their concept maps
with no substantial errors or misconceptions in content. Overall, students tended to adhere
strongly to the structure of the concept map skeleton with limited exploration or addition of new
concepts beyond those listed. For example, only two groups added a new category in which they
described the classification of TBI according to severity level. Students demonstrated more
flexibility within the case study section as noted by greater variability in the concepts,
connections, and level of detail included in this section. Five groups included significant and
meaningful cross-links between sections of the concept map to demonstrate more complex
analysis and thinking skills. Students demonstrated effective thinking and basic understanding of
content through their concept maps. A few students exceed expectations and effectively used
their concept map to demonstrate original insights and superior understanding of the material.
Perceptions of Concept Mapping Survey Results
Results from the survey about concept mapping indicated that over 86% of students
either agreed or strongly agreed that concept mapping supported their learning and application of
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course content. No negative responses were recorded related to the effect of concept mapping on
the students’ ability to learn (Figure 1). When asked about their affective acceptance of concept
mapping, most students (87%) indicated that concept mapping was a new learning method and
95% of students agreed that they enjoyed using concept mapping as a learning activity in class.
Only 8% of students felt that concept mapping was difficult to use and 18% of students felt that
concept mapping took too long. Regarding future use, 82% of students either strongly or
somewhat agreed that they would like to use concept mapping again as an in-class activity and
61% would like to use it on their own.
Figure 1: Effects of Concept Mapping on Student Learning

Concept Mapping Helped Me...
70%

62%

60%
50%
47%

47%
45%

50%

50%
45%

47%
39%

45%
42%

40%
30%
30%
20%
10%

13%
8%

13%
8%

5%

3%

0%
learn about
neurological
conditions.

understand the
analyze how
consider unique identify priorities
relationship
neurological
client needs to
for learning.
between
conditions impact guide my clinical
neuroanatomy and
occupational
decision making.
the symptoms of a
performance.
condition.
Neutral

Somewhat agree

reflect on my
learning and
knowledge.

Strongly agree

Qualitative comments from the survey revealed three themes related to the benefits of
concept mapping: making connections, improved learning, visual organization. Within the theme
of making connections, students appreciated how concept mapping helped them to “see the
connections between different aspects of a condition” and make “connections between two ideas
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or concepts”. Another student noted that concept mapping made it “easy to relate, compare,
contrast, etc. different aspects of a topic”. Students also indicated that concept mapping
improved their knowledge and learning by “getting more in detail”, “exploring more about a
concept”, “consider many factors of a topic, broadening knowledge”, and “explore concepts on
our own which can help promote learning”. Finally, students liked the organization of the
concept map as a “visual learning opportunity” that “helps to lay out all of the information” and
“see the big picture”. Another student commented “I like being able to see everything laid out
and in one place, rather than all in one big word document where ideas aren't clearly visible. I
thought it was a unique way of organizing material”.
Student feedback on the difficulties associated with concept mapping focused on three
challenges: feeling overwhelmed, time consuming, and technology problems. Of the 36
comments, 11 students indicated feeling overwhelmed at some point during concept mapping.
Some students experienced this feeling at the beginning of the process, indicating that it was
“difficult to get started and include all of the ideas”. Other students commented on how the
completed concept map was “overwhelming and hard to follow once completed” and
“overwhelming [because] you don’t necessarily know what you’re missing”. Some students
indicated that the skeleton helped reduce this feeling and that “it would have been more difficult
if we didn’t have the skeleton already created to work from”. A second challenge students
encountered was the amount of time required as noted by comments such as “takes a lot of time”,
“too time consuming”, and “takes a while and requires searching”. Notably, one student
commented “takes a while to do, but I love them” suggesting that they felt the required time was
justified by the benefits. Finally, a few students commented on technology problems, stating that
the “software takes a bit to get used to” and difficulty “navigating the tools”.
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Discussion
Effect of Concept Mapping on Student Knowledge of Neurological Conditions
The findings from this study indicate that concept mapping promotes significant
increases in self-perceived knowledge of functional neuroanatomy and neurological conditions
commonly encountered in OT practice. Compared to a traditional lecture, concept mapping
produced equal knowledge gains related to general knowledge of a neurological condition and
treatment methods. Students reported greater knowledge gains related to neurological
dysfunction and overall scores following the traditional lecture compared to concept mapping;
however, it is not clear if these findings are meaningful due to limitations in the project design.
These differences may have been caused by limitations in the outcome measure, specifically a
ceiling effect combined with a higher pretest knowledge of TBI compared to MS. This could
have allowed for students to report a greater increase in knowledge following the traditional
lecture on the MS. This explanation is supported by comparison of posttest findings as overall
posttest scores were nearly identical for the traditional lecture and concept mapping indicating
that the two instruction methods resulted in similar knowledge and ability outcomes.
These results are consistent with past research demonstrating that concept maps are
effective at increasing student content knowledge in healthcare education (Bixler et al., 2015; Gil
& Lee, 2022; Powell et al., 2021). Additionally, the results support previous claims that concept
mapping promotes integration of knowledge across content areas such as basic neuroanatomy,
neurological dysfunction, and a clinical case study (Bressington et al., 2018; Garwood et al.,
2018; Gil & Lee, 2022). This integration appears to be related to the combination of concept
mapping with case-based learning which helps students form connections between their
theoretical knowledge and “real-world” clinical practice (Mok et al., 2014; Gil & Lee, 2022;
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Powell et al., 2021; Slieman & Camarata, 2019). This study adds to the literature on concept
mapping in healthcare education by expanding study populations to include OT graduate
students and demonstrating that concept mapping can produce similar content knowledge
learning outcomes compared to traditional lecture.
This project also confirms that rubrics can be used effectively to assess student
knowledge and gain insight into their thinking processes as demonstrated within a concept map
(Grice, 2016; Mok et al., 2014; Slieman & Camarata, 2019). Observed benefits of the scoring
rubric were consistent with previous findings including the ability to align assessment criteria
with the learning objectives of the course and the concept mapping activity (Hildebrand &
Schultz, 2012). As noted by Carr-Lopez et al. (2014) and Gil & Lee (2022), scoring the concept
maps did require more time than scoring a multiple-choice computer-based test; however, the use
a scoring rubric improved the efficiency of this process while maintaining the added benefits of
concept map assessment (Mok et al., 2014). Specifically, assessment of concept maps provided
students with more detailed and personal feedback while also providing this instructor with
meaningful insights into the depth and breadth of student knowledge (Gil & Lee, 2022; Grice,
2016; Mok et al., 2014). These insights helped the instructor provide more tailored instruction in
future class sessions to address and correct common student misconceptions. As suggested by
Powell et al. (2021), the use of an “expert” concept map in addition to the scoring rubric further
decreased the time required for providing student feedback while still promoting reflection and
additional learning.
Effect of Concept Mapping on Critical Thinking Skills
While this study did not include a formal assessment of critical thinking skills due to time
and feasibility constraints, specific items were included across all three outcome measures to
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assess student application of critical thinking skills. Evaluation of student concept maps using the
scoring rubric revealed that students demonstrated good use of critical thinking skills as noted by
accurate interpretation and analysis of the case study information. Additionally, students
demonstrated a good ability to make inferences through identifying appropriate OT assessments
and communicate their thinking processes and rationale through the organization of their concept
map. From their perspective, students reported that concept mapping supported their ability to
understand (interpret) relationships, analyze the impact of neurological conditions, make
inferences to guide their clinical reasoning, and reflect on (self-regulate) their learning. Finally,
increased scores on the pretest-posttest knowledge survey following concept mapping indicated
that concept mapping was effective at supporting student application of critical thinking skills
within the subject-specific context of OT.
These findings are consistent with previous studies in which students reported improved
critical thinking skills following concept mapping (Bressington et al., 2018; Garwood et al.,
2018; Slieman & Camarata, 2019; Wu & Wu, 2020). In contrast to Kaddoura et al. (2016), this
study did not demonstrate greater improvement in critical thinking skills following concept
mapping compared to a traditional lecture. This difference may be explained by variations in
intervention approach, highlighting the need for greater consistency in research on concept
mapping and critical thinking (Yue et al., 2017). Additionally, this study supports previous
suggestions that longer intervention periods and more sensitive measurements are needed to
demonstrate meaningful changes in critical thinking (Bixler et al., 2015; Kaddoura et al., 2016).
Student Perceptions on the Use of Concept Mapping
In response to the second research question of this project, the results agree with previous
research that students report positive attitudes toward and satisfaction with concept mapping as a
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learning activity (Gil & Lee, 2022; Grice, 2016; Hsu et al., 2016; Wu & Wu, 2020). This study
was unique in that it explored the combination of concept mapping with a clinical case study that
was also actively used in a separate course. Despite the added content and complexity, students
still indicated that concept mapping supported their learning. Student feedback on the specific
benefits of concept mapping was also consistent with past research, including being able to
visualize the broad picture and promoting more in-depth learning (Carr-Lopez et al., 214; Gil &
Lee, 2022; Grice, 2016). Additionally, students reported minimal challenges with concept
mapping despite it being a novel learning activity. This confirms previous findings that concept
mapping is easy for students to learn and use (Bixler et al., 2015). In comparison to previous
research, students in this study reported fewer concerns with the amount of time required to
complete a concept map and more students indicated that they would like to continue using
concept mapping (Bixler et al., 2015; Gil & Lee, 2022). These differences may be attributed to
providing students with a concept map skeleton which decreased the time burden of starting and
organizing the concept map structure. Additionally, having the students complete the concept
map in class rather than as a take-home assignment and using a computer application likely
contributed to the reduced number of time-related concerns (Mammen, 2016). The most frequent
student complaint in this study was feeling “overwhelmed” due to the amount of information;
however, this challenge appeared to have minimal effect on overall student learning and may be
more reflective of the novelty of concept mapping.
An informal poll of the students during the end of class discussion revealed that most
students enjoyed concept mapping more than traditional lecture. Verbal comments provided
during the discussion indicated that the class time went by quickly and that it felt easier to stay
engaged in the process compared to a traditional lecture. This suggests that students may have a
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higher learning satisfaction with concept mapping compared to traditional lecture, which is
consistent with past research by Hsu et al. (2016). These informal comments are supported by
the formal survey results in which students overwhelmingly agreed that they would like to use
concept mapping again as an in-class activity. Additionally, qualitative observations made by
this author during the class period indicated that students asked more questions to each other and
to the instructor, explored a greater variety of resources (online and textbook), and were more
active in the learning process during concept mapping compared to traditional lecture. This is
notable as it lends support to previous research which suggests that concept mapping with peer
discussion can help facilitate the use of metacognition, problem solving, and self-reflection
(Joshi et al., 2022).
Limitations
The results of this study were limited by the lack of a true control group, unknown
reliability and validity of the outcome measures, and limited time frame. Due to the use of an
educational setting, it was not feasible or ethical to limit the intervention to a sub-set of students.
As a result, a pseudo-control condition was created by selecting a condition that had similar
complexity and familiarity for the traditional lecture based on this author’s previous teaching
experience. It appears that the two conditions may not have been as equivalent as desired, which
subsequently affected and potentially limited the results. As the outcome measures were
developed by this author and used for the first time in this study, there is no data on their
reliability and validity. One major concern is the ceiling effect, which may have limited the
ability of the measurements to provide a true representation of change in student knowledge.
Additionally, this change in student knowledge was only assessed through the retrospective
student self-assessment. While the retrospective method was chosen to minimize the likelihood
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that students would misrepresent their knowledge (Geldhof et al., 2018; Lang & Savageau,
2017), it is possible that students did not respond consistently across the two time points. Finally,
this project had a limited time frame which necessitated collection of outcome measure
immediately after each intervention with no opportunity for follow-up data to determine the
long-term effect or retention of knowledge of concept mapping compared to traditional lecture.
The short time frame also made it unrealistic to include an assessment of critical thinking within
this project as previous research suggests that at least eight weeks of intervention are needed to
see measurable changes in critical thinking skills (Bixler et al., 2015; Kaddoura et al., 2016;
Slieman & Camarata, 2019).
Implications for OT Education
Given these results, OT educators should consider implementing concept mapping as an
active, student-centered learning activity to promote content knowledge and critical thinking.
Currently, concept maps are one of the least frequently used instructional methods in OT
education (Henderson et al., 2017) and only one published study could be found that explores
concept mapping as a learning tool in OT education (Grice, 2016). This study demonstrates the
effectiveness and student affective acceptance of concept mapping within OT education. Not
only is concept mapping easy to learn and use, but it also has benefits that are not offered by a
traditional lecture format. For example, concept mapping encourages students to initiate and
direct their own learning and promotes connections between content from different courses
including OT theory, evaluation methods, and functional neuroanatomy.
Specifically, OT educators should consider integrating concept mapping with case-based
instruction or problem-based learning. Case-based instruction is a frequently used and valuable
method for promoting clinical reasoning skills in OT students; however, these experiences need
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to be carefully selected and sequenced throughout the curriculum based on the students’ current
knowledge level (Henderson et al., 2017). The unique structure and visual layout of concept
maps provides students with a useful template to organize their approach to case-based
instruction and make explicit connections between basic science and theoretical knowledge, the
patient’s unique needs, and the proposed treatment plan. Particularly in the early stages of the
curriculum, OT students may benefit from the combination of concept mapping and case-based
instruction to scaffold their development of critical thinking and clinical reasoning skills.
Finally, the findings from this study affirm that OT educators should recognize critical
thinking as a separate construct from clinical reasoning. Separate and explicit instruction on
critical thinking should be incorporated throughout the OT curriculum to support the ability of
OT students to accurately interpret, analyze, and evaluate information to determine its
credibility, relevance, and value related to a clinical case. Students not only need to develop
competent clinical reasoning skills related to OT practice, but they must also develop the skills to
justify the rationale behind their clinical reasoning. That is, OT students need to be able to
explain how they arrived at their conclusions and reflect on the effectiveness of their reasoning
process as part of becoming competent entry-level practitioners.
Future Research
Additional research is needed to fully explore the effects and benefits of concept mapping
and critical thinking instruction on the learning outcomes and thinking skills of graduate students
in entry-level OT programs. More long-term information is needed on the use of concept
mapping including consideration of how student perceptions and knowledge changes with
increased frequency of concept mapping. As concept mapping is not commonly used in OT
education, it would also be beneficial to determine the optimal methods for introducing concept
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mapping as an instruction method and exploring the use of concept methods with other content
and learning outcomes. Finally, future studies should consider assessment methods with higher
validity and reliability such as an objective knowledge test to measure knowledge after concept
mapping and compare the effectiveness of concept mapping with other instruction methods.
Due to time and costs constraints, this study was unable to formally assess critical
thinking skills in OT students. More knowledge is needed on critical thinking skills and
dispositions in OT students. Specifically, it would be important to consider to what extent OT
students have, develop, and use critical thinking skills. Additionally, it may be helpful to
establish an OT-specific assessment for critical thinking skills.
Conclusion
The results of this study provide encouraging support for the use of concept mapping and
explicit instruction on critical thinking to promote self-directed learning and content knowledge
in graduate students enrolled in an entry-level OT program. Future studies should build on these
findings by exploring the ability of concept mapping to produce long-term, significant learning
in students as measured both by student self-assessment and objective criterion-based
assessments. Importantly, this study demonstrated that students have high affected acceptance of
in-class concept mapping to direct and promote their learning of content knowledge. Concept
mapping may also help promote critical thinking skills and the ability to make complex
connections across the OT education curriculum, although further research is needed to explore
this claim.
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Appendices
Appendix A: Outline of Critical Thinking Lecture
Critical Thinking: What is it and Why Does it Matter?
Full slides with images available to view and download here:
https://drive.google.com/file/d/1A7aaLQS639S8Et6FKJt_O3kjeUMvcVAu/view?usp=sharing
1. Learning Objectives
a. Foundational knowledge: Students will identify key concepts related to critical
thinking and concept mapping.
b. Application: Students will apply critical thinking skills to analyze a topic via a
concept map.
c. Integration: Students will understand the relationship between critical thinking
and clinical reasoning in occupational therapy.
d. Human dimension: Students will reflect on their own critical thinking skills.
e. Caring: Students will develop an inquisitive spirit that reflects a healthy sense of
skepticism.
f. Learning how to learn: Students will create a list of strategies to support their
own critical thinking skills
2. Critical Thinking Is…
a. More about the process than the result
b. Both a set of skills AND a personal disposition to use these skills
c. An essential tool that uses purposeful, reflective judgment to consider information
and make decisions
3. Cognitive Skills for Critical Thinking
a. Interpretation: consider and make meaning of relevant information
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b. Analysis: examine relationships between information
c. Evaluation: assess the credibility and quality of information
d. Inference: make conclusions or hypotheses based on information
e. Explanation: describe your rationale
f. Self-Regulation: monitor and improve your own thinking
4. Personal Disposition for Critical Thinking
a. Inquisitive
b. Judicious
c. Truth-seeking
d. Confident in reasoning
e. Open-minded
f. Analytical
g. Systematic
5. What Does a Critical Thinker Look Like?
a. Skeptical (cynical)
b. Open-minded (wishy-washy)
c. Analytical (nitpicky)
d. Decisive (stubborn)
e. Evaluative (judgmental)
f. Opinionated (forceful)
6. Critical Thinking and Occupational Therapy
a. Critical thinking skills are both holistic and subject-specific
b. In OT, critical thinking skills support clinical reasoning
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i. Interpret and synthesize information from OT theory, occupational profile,
context, etc.
ii. Analyze how your biases and assumptions influence the client-therapist
interactions
iii. Evaluate the credibility and strength of information to inform EBP
iv. Make decisions throughout the OT process
v. Learn to appreciate and consider that multiple solutions are present in
every client
vi. Reflect on the process to improve future patient care
7. IDEAS: 5-Step Critical Thinking Process
a. I=Identify the problem and set priorities
b. D=Determine relevant information and develop understanding
c. E=Enumerate options and anticipate consequences
d. A=Assess the situation and make a preliminary decision
e. S=Scrutinize the process and self-correct as needed
8. Questions to Promote Critical Thinking
a. What is the key information (data/evidence) presented?
b. Is the information relevant to my purpose or context?
c. What explicit or unstated assumptions are made by the author?
d. From what perspective is the article written? To what extent is it biased or
unbiased?
e. What conclusions were reached? Are the conclusions logical? To what extent do
you agree with the conclusions?
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f. What are the possible positive or negative implications?
g. Is there another way to look at this?
9. Critical Thinking and Concept Mapping
a. Concept map: visual tool to organize and represent knowledge
b. Benefits
c. Describe new ideas
d. Develop understanding of relationships between information
e. Integrate new knowledge with existing knowledge
f. Identify misconceptions or gaps in knowledge
g. Provide a forum for discussion of material
h. Encourage reflection and self-evaluation
10. Steps to Complete a Concept Map
a. Express your topic as a focus question
b. Brainstorm relevant topics (start with 8-10 general concepts)
c. List topics in order from most general to most specific (“parking lot”)
d. Place each concept into a circle (broadest at top, most specific at bottom)
e. Connect concepts with a line or arrow
f. Add linking words on the lines to describe the relationship and form a proposition
g. Search for and add cross-links to show relationships
h. Add specific examples (free text, not encased in a circle)
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Appendix B: Cerebrovascular Accident Concept Map
“What is a Cerebrovascular Accident?”
Also available to view at the following link: https://cmapscloud.ihmc.us:443/rid=1Y78L9RZJ-10M1QDN-7R7ZRS
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Appendix C: Traumatic Brain Injury Concept Map Skeleton
“What is a Traumatic Brain Injury and How Does it Affect Occupational Participation?”
Also available to view at the following link: https://cmapscloud.ihmc.us:443/rid=1Y72Q64N3-1GLT4Y4-7J892C
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Appendix D: Neurological Case Study Summary

John Avery is a 28-year-old African American man who lives in downtown Grand
Rapids, Michigan in two-bedroom apartment. He is single (recently divorced) and shares custody
of his 5-year-old daughter (Jasmine) with his ex-wife (Kalee). Jasmine stays overnight with John
once per week (Wednesday) and every other weekend. John works as a bicycle mechanic and
salesperson at a local bicycle shop. John has a high school diploma and previously completed
one year of community college in the past. He does not have a car and relies on use of bicycle,
skateboard, and public transportation to travel to work and perform routine errands. He has a
history of anxiety that recently worsened with COVID. His nearest family member is his older
brother (Joey) who lives in Chicago (3 hours away) and is single.

John was injured in a bicycle/MVA accident outside of the bicycle shop where he works.
He was wearing his helmet at the time; however, witnesses report that he was unconscious for 23 minutes after the collision. By the time the paramedics arrived, he had regained consciousness.
John was admitted to acute care with a diagnosis of closed head injury causing a mild traumatic
brain injury and right distal radius fracture which required casting. John was discharged from
acute care to an inpatient rehabilitation facility (IRF) to address deficits related to impaired
balance and mild cognitive impairment. He was discharged after 5 days from IRF to home with
supervision from his older brother. He is scheduled to begin outpatient occupational therapy in
three days to address ongoing concerns related to impulsivity, inattention, impaired executive
functions, and strength/range of motion of right upper extremity.
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Appendix E: Retrospective Pretest-Posttest Survey
For each of the objectives listed below, please check the box under the number that
indicates your skill level both before and after completion of the learning module.
1 = none; have no ability
2 = low; have little ability
3 = average; have basic ability (but there is more to learn)
4 = high; have good ability
5 = superior; have excellent ability
How would you rate your ability to…
1
GENERAL INFORMATION
Q1. Describe the incidence and prevalence of the
neurological condition.
Q2. Understand the risk factors and/or causes that
contribute to the disease process.
Q3. Identify how social determinants of health are
related to risk factors for the condition.
Q4. List the primary signs and symptoms (e.g.,
sensory, cognitive) of the condition.
Q5. Classify the different types and/or severity
levels of the condition.
NEUROLOGICAL DYSFUNCTION
Q6. Identify specific components of the nervous
system involved in the condition.
Q7. Describe the normal function of the involved
neurological components.
Q8. Explain how the nervous system is damaged
during the disease process.
Q9. Describe how the neurological dysfunction is
connected to specific signs and symptoms.
TREATMENT
Q10. Describe medical interventions used to
diagnosis and/or treat the condition.
Q11. Select relevant OT assessment tools for this
condition.
Q12. Predict how the condition will impact
occupational performance.
Q13. Consider the client’s unique needs when
planning for OT evaluation and treatment.
Q14. Examine how your personal biases and
assumptions influence your client-centered care
decisions.

BEFORE class
2 3 4 5

1

AFTER class
2 3 4 5
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Appendix F: Concept Map Rubric

Concepts and
terminology

Relationships
among
concepts

Ability to
communicate
through
concept map

Exceeds expectations
10 points
Identifies all important
concepts. Concepts and
terminology are used
accurately.
Effectively uses both
simple (e.g., hierarchy,
propositions) and
complex (e.g., cross
links) connections to
identify multiple
meaningful
relationships among
concepts. All concepts
are placed in an
appropriate hierarchy
and linking words are
used on all connections.
Information is wellorganized, logical, and
easy to interpret.
Evidence of complex
thinking, superior
understanding, and
original insights are
demonstrated
consistently throughout
the concept map.

Meets expectations
8-9 points
Identifies most of the
important concepts. A
few inaccuracies in use
of terminology or
concepts.
Effectively uses simple
connections to identify
meaningful
relationships between
concepts. Attempts to
make complex
connections; however,
some may ineffective or
inaccurate. Almost all
concepts are placed in a
basic hierarchy and
linking words are used
on most connections.
Information is
organized and easy to
interpret most of the
time. Evidence of
effective thinking and
basic understanding are
demonstrated
consistently throughout
the concept map.

Below expectations
5-7 points
Identifies less than half
of important concepts.
Many inaccuracies in
use of terminology or
concepts.
Makes simple
connections between
concepts that are
somewhat clear but lack
meaning and/or makes
many incorrect
connections. Does not
attempt to make
complex connections.
Places only a few
concepts in a hierarchy
and/or uses only a few
linking words.
Information is
confusing and difficult
to interpret. Concept
map suggests limited
thinking and poor
understanding.

Adapted from Center for Teaching (n.d.). Concept Map Rubrics.
https://teach.its.uiowa.edu/sites/teach.its.uiowa.edu/files/docs/docs/Concept_Map_Rubrics_ed.pdf
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Appendix G: Perception of Concept Mapping Survey

1. Please indicate your level of agreement with the following statements:
Strongly Somewhat Neutral Somewhat Strongly
disagree Disagree
(3)
Agree
agree
Concept mapping helped me…
(1)
(2)
(4)
(5)
learn about neurological
conditions.
understand the relationship
between neuroanatomy and the
signs and symptoms of a
condition.
analyze how neurological
conditions impact occupational
performance.
consider unique client needs to
guide my clinical decision making.
identify priorities for learning.
reflect on my learning and
knowledge.

Concept mapping…
was a new learning method for
me.
was difficult to use.
takes too long.
was an enjoyable learning activity.

I would like to…
continue using concept maps on
my own.
use concept maps again as an inclass activity.

Strongly Somewhat Neutral Somewhat Strongly
disagree Disagree
(3)
Agree
agree
(1)
(2)
(4)
(5)

Strongly Somewhat Neutral Somewhat Strongly
disagree Disagree
(3)
Agree
agree
(1)
(2)
(4)
(5)

3. What do you see as the benefits of concept mapping?

4. What do you see as the difficulties of concept mapping?
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Appendix H: Verbal Recruitment Script
Module 1
My name is Alissa Baker, and I am a graduate student at Eastern Kentucky University in
the Department of Occupational Therapy. I would like to invite you to participate in my research
study to explore the use of concept maps as an instruction method to promote development of
content knowledge and critical thinking skills in occupational therapy students. You may
participate if you are enrolled and actively participating in the course OT 6110: Functional
Neuroanatomy.
As a participant, you will be asked to complete one survey today and two surveys next
week. The purpose of the first survey is to assess the change in your knowledge on a specific
topic after participation in class. This survey will be completed twice, once after class today and
a second time after class next week. You will also be asked to complete a second survey next
week. The purpose of the second survey is to determine your preferences and acceptance of
concept mapping as an instruction tool. If you decide to participate, your participation is
expected to take no more than 10 minutes per survey (that is, no more than 10 minutes today and
20 minutes next week). You will not be compensated for your participation; however, by
completing the survey you will provide valuable information to support the study and use of
effective teaching practices that may benefit your education in the future as well as the education
of other students.
This study is anonymous. You will not be asked to provide your name or other
identifying information as part of the study. No one, not even members of the research team, will
know that the information you give came from you. Your information will be combined with
information from other people taking part in the study. When we write up the results of the
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study, we will write about this combined information. There are no anticipated physical, social,
or legal risks for participation.
Participation is voluntary. If you decide to take part in the study, it should be because you
really want to volunteer. You will not lose any benefits or rights you would normally have if
you choose not to volunteer. You can stop at any time during the study and still keep the
benefits and rights you had before volunteering. If you would like to participate in this research
study, please wait until I leave the classroom to complete the surveys so that your participation
can remain anonymous. I will remain in my office for 20 minutes.
Do you have any questions now? If you have questions later, please contact me by phone
or email at the information provided on the cover page of the survey. You may also contact the
Division of Sponsored Programs at Eastern Kentucky University. Again, this contact information
is provided on the cover page of the survey. This study has been reviewed and approved for
exemption by the Institutional Review Board at Eastern Kentucky University.

Module 3
My name is Alissa Baker, and I am a graduate student at Eastern Kentucky University in
the Department of Occupational Therapy. I would like to invite you to participate in my research
study to explore the use of concept maps as an instruction method to promote development of
content knowledge and critical thinking skills in occupational therapy students. You may
participate if you are enrolled and actively participating in the course OT 6110: Functional
Neuroanatomy. You may participate today even if you did not participate during Module 1.
As a participant, you will be asked to complete two surveys today. The purpose of the
first survey is to assess the change in your knowledge on a specific topic after participation in
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class. The purpose of the second survey is to determine your preferences and acceptance of
concept mapping as an instruction tool. If you decide to participate, your participation is
expected to take no more than 10 minutes per survey. You will not be compensated for your
participation; however, by completing the survey you will provide valuable information to
support the study and use of effective teaching practices that may benefit your education in the
future as well as the education of other students.
This study is anonymous. You will not be asked to provide your name or other
identifying information as part of the study. No one, not even members of the research team, will
know that the information you give came from you. Your information will be combined with
information from other people taking part in the study. When we write up the results of the
study, we will write about this combined information. There are no anticipated physical, social,
or legal risks for participation.
Participation is voluntary. If you decide to take part in the study, it should be because you
really want to volunteer. You will not lose any benefits or rights you would normally have if
you choose not to volunteer. You can stop at any time during the study and still keep the
benefits and rights you had before volunteering. If you would like to participate in this research
study, please wait until I leave the classroom to complete the surveys so that your participation
can remain anonymous. I will remain in my office for 30 minutes.
Do you have any questions now? If you have questions later, please contact me by phone
or email at the information provided on the cover page of the survey. You may also contact the
Division of Sponsored Programs at Eastern Kentucky University. Again, this contact information
is provided on the cover page of the survey. This study has been reviewed and approved for
exemption by the Institutional Review Board at Eastern Kentucky University.
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Appendix I: Student Concept Maps

Meets Expectations (score of 27/30)
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Exceeds Expectations (score of 30/30)

